The sources of Klebsiella species that colonise or infect hospital patients are poorly understood (Eickhoff, 1971) . It is often difficult to know whether the patient has been infected by organisms hitherto commensal on his own body, by organisms derived from staff or other patients, or by reservoirs of klebsiellae in the inanimate environment.
It is now recognised that hospital inpatients are more likely to be intestinal carriers of klebsiellae than the non-hospital population, a finding probably related to antibiotic therapy (Rose and Schreier, 1968) . One study (Selden et al., 1971) suggests that acquisition of a particular serotype in the bowel during hospitalisation provides a source for autoinfection with that strain. Intestinal carriage also provides a reservoir for cross-infection within the hospital community. Shooter et al. (1971) have recorded the presence of Klebsiella spp in contaminated hospital food while others (Montgomerie et al., 1970) , on the basis of limited evidence, have suggested that food serotypes may provide a source of organisms for bowel colonisation.
This study explores more fully the role of contaminated food as a source for klebsiella infection and colonisation, reports the results of a survey on an intensive care unit (ICU) where patients receive particularly thorough bacteriological monitoring, and correlates the klebsiella serotypes from food and other potential sources with the serotypes from clinical specimens.
Received for publication 25 This survey (19 June to 10 September 1973) was to determine whether the klebsiella serotypes ingested by ICU patients were particularly frequent among the clinical klebsiella isolates from ICU patients during the same period. All nasogastric feeds, ice-creams, milk shakes, cold sweets, and drinks were sampled before being ingested by ICU patients. Consecutive sputum samples from patients in other parts of the hospital were screened for Klebsiella spp. and the isolates were saved for typing.
BACTERIOLOGY
Clinical specimens, for bacteriological monitoring of patients, were inoculated on blood agar, and Klebsiella spp. were identified by methods based upon those of Cowan and Steel (1965) .
Solid food samples were suspended in nutrient broth. Faeces, food, and environmental samples were inoculated on lactose bromothymol blue (I. 0rskov, 1971, personal communication) , and MacConkey agar plates, and into a single-strength MacConkey enrichment broth. Between four and 14 coliform colonies were selected from each positive specimen for biochemical screening with a scheme based on motility, adonitol fermentation, urease activity, citrate utilisation, and decarboxylase activity (Casewell, 1977) . Viable klebsiella counts in nasogastric feeds were made by spreading 0-1 ml of feed, and 10-fold dilutions, over the surface of MacConkey agar plates.
All klebsiella isolates were capsular typed by the method developed in this laboratory (Casewell, 1972 (Casewell, , 1975 .
Results

SURVEY I: POTENTIAL SOURCES OF KLEB-SIELLAE
During this four-week survey, clinical isolates of K. aerogenes were found in 14 of the 54 patients admitted to the ICU. Five patients acquired type 21, two a non-typable strain, and there were single patient-isolates of types 8, 9, 12, 19, 47, 55, and 74. Of 175 samples of ICU food, 74 (42%) yielded Klebsiella spp (Table 1) . None of 20 samples of hot Apart from ward sink-traps and ward-kitchen dishcloths there were only three specimens from the ward environment that yielded klebsiellae (Table 2) . 13 milk-shakes and dietary milk allowances, and eight ice-creams were fed to intensive care patients. Klebsiellae were isolated from 34 (77%) of these items, and 22 serotypes were found. During the same period, 27 ICU patients acquired klebsiellae with 37 distinct strains, and 35 of these patient-isolates were typable. Of these 27 patients, nine had ingested contaminated food and also acquired klebsiellae in clinical samples, but only one patient acquired a serotype that he' himself had ingested. Table 4 shows the overall frequency with which With Yates correction, Xi' = 11 9, P < 0-001 *Serotypes 5, 9, 10, 21, 26, 27, 28, 41, 47, 62, 66, and 68 serotypes ingested by ICU patients occurred in clinical patient-isolates from both ICU patients and from patients on other wards. The 22 ICU food isolates were significantly more prevalent in clinical specimens from ICU patients than from those of patients in other wards (P < 0-001).
Discussion
This study not only confirms that hospital food may be frequently contaminated with Klebsiella spp but, more importantly, by using a discriminatory typing method, survey I for potential sources of klebsiellae shows a definite, but not exclusive, correlation between food serotypes, faecal serotypes, and patient clinical isolates over a four-week period (Table 3) . Because this intensive survey lasted for only a month some patient clinical isolates, such as types 21 and 55, were not found in any food samples. However, these two strains were found several months later in both food and patient-isolates during survey II.
The immediate source of food klebsiellae was the hospital kitchen where liquidisers, ice-cream utensils, dishcloths, and working surfaces were contaminated with klebsiellae of corresponding type. The overnight delay between preparation and ingestion of nasogastric feeds provided an opportunity for multiplication of contaminating organisms.
The inherent bacteriological difficulties associated with homogenising and storing liquid feeds in a warm part of the hospital environment make a strong case for end-sterilisation of feeds, or, more conveniently, using commercially produced sterile feeds that are ready for use in the ward.
Although others (Montgomerie et al., 1970) considered that food may provide the source of faecal klebsiellae, theydid not demonstrate this in individual patients. We have shown such a sequence in three patients, all of whom were receiving broad-spectrum antibiotics.
It seems clear from the comprehensive survey of staff stool specimens that staff excretion of klebsiellae is relatively infrequent and usually represents intermittent excretion rather than prolonged colonisation. The epidemiological significance of the respiratory technician, who excreted type 21 at the beginning of survey I and remained colonised with this type for the whole month, remains speculative. It is possible that he had ingested type 21 before the survey started, colonised his bowel, and then acted as a source for at least one of the five patients who acquired this type in the month of the survey.
It proved more difficult to obtain a comprehensive collection of stool samples from ICU patients during survey I but it was clear that the klebsiella excretion was more frequent than in ward personnel. It seems unlikely that patient faecal strains always serve as a source for autoinfection for we, unlike Selden et al. (1971) , were unable to demonstrate a patient who excreted klebsiellae and subsequently acquired the same type in a clinical specimen.
Many of the capsular types, such as the commonest clinical isolate type 47, known to be endemic in ICU patients between 1969 and 1973 , were also found in the hospital kitchens or ward food. This, together with the correlation demonstrated in survey I between food and faecal and clinical serotypes, could theoretically merely reflect the serotypes that happen to be common throughout the hospital. However, survey II showed that, for a prospective period of three months, ICU food strains were significantly more prevalent among ICU clinical isolates than strains from patients in other parts of the hospital.
It might be expected that prevalent contaminating strains in the kitchens will change from time to time, and this would cause a corresponding change in the prevalent clinical infecting types. Indeed, we have already shown (Casewell and Phillips, 1978) that clusters of infection with the same serotype do occur in this ward.
The finding that individual ICU patients rarely acquire infection or colonisation with the type that they had ingested themselves, but rather one that had been fed to some other patient on the ward, suggests that there must be a route of transmission from one patient to the next. Our findings implicating staff hands as a significant route of transmission have recently been published elsewhere (Casewell and Phillips, 1977) . 
